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Abstract: PURPOSE: To characterize the topographic relationships among vitreous structures, including
the premacular bursa, prevascular vitreous fissures, cisterns, and lacunae, in healthy participants using
en face and cross-sectional swept-source (SS) OCT. DESIGN: Prospective, comparative study. PARTIC-
IPANTS: Sixty eyes of 60 healthy participants (age range, 4-35 years). Eyes of individuals younger than
20 years (n = 29) were compared with eyes of individuals 20 years of age or older (n = 31). METHODS:
From each study eye, 12 × 12-mm SS OCT volume scans comprising 1024 × 1024 A-scans centered at the
fovea were acquired. MAIN OUTCOME MEASURES: En face and cross-sectional data were analyzed
to characterize topographic relationships between hyperreflective spaces anterior to the vitreoretinal in-
terface. RESULTS: Prevascular vitreous fissures are an almost universal feature of human eyes. Cisterns
became more prevalent over the course of the first 20 years (r = 0.49; P = 0.002). In 97% of eyes in
individuals older than 20 years, en face and cross-sectional SS OCT showed the premacular bursa and
prepapillary gap merge at a distance superior to the optic nerve and then follow a superonasal course
anteriorly. However, only 69% of individuals younger than 20 years demonstrated such a connection (P
= 0.01). A close topographic relationship of vitreous fissures and cisterns to the underlying vasculature of
the posterior pole was visible on en face projections. En face imaging readily distinguished these spaces.
Degenerative, eyewall-parallel fissure planes and their course were described for the first time in a 3-
dimensional manner. The fissure planes were rare in younger eyes (12%) and significantly more common
in older eyes (42%; P < 0.001). CONCLUSIONS: En face SS OCT demonstrated that (1) premacular
bursa and Cloquet’s canal are not connected in younger patients, but are connected in older patients; (2)
prevascular vitreous fissures overly the retinal vessels; and (3) cisterns are continuous with prevascular
fissures.
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To characterize the topographic relationships among vitreous structures including the premacular bursa, 44 
prevascular vitreous fissures, cisterns and lacunae in healthy subjects using en face and cross-sectional 45 
swept-source optical coherence tomography (SS-OCT). 46 
Design: 47 
Prospective comparative study. 48 
Subjects:  49 
Sixty eyes of 60 healthy subjects (age range = 4 – 35 years). Eyes of individuals younger than 20 years (n= 50 
29) were compared with eyes of individuals aged 20 years or older (n=31). 51 
Testing: 52 
Twelve x 12-mm SS-OCT volume scans comprised of 1024 x 1024 A-scans centered at the fovea were 53 
acquired from each study eye. 54 
Main Outcome Measures:  55 
 En face and cross-sectional data was analyzed to characterize topographic relationships between 56 
hyperreflective spaces anterior to the vitreoretinal interface.  57 
Results:  58 
Prevascular vitreous fissures are an almost universal feature of human eyes. Cisterns became more 59 
prevalent over the course of the first 20 years (r=0.49, P=0.002). In 97% of eyes in individuals older than 60 
20, en face and cross-sectional SS-OCT showed the premacular bursa and prepapillary gap merge at a 61 
distance superior to the optic nerve and then follow a superonasal course anteriorly. However, only 69% 62 
of individuals younger than 20 years demonstrated such a connection (p= 0.01). A close topographical 63 
relationship of vitreous fissures and cisterns to the underlying vasculature of the posterior pole was 64 
visible on en face projections. En face imaging readily distinguishes these spaces. Degenerative, eyewall-65 
 4 
parallel fissure planes and their course are described for the first time in a three-dimensional manner. 66 
The fissure planes were rare in younger eyes (12%), and significantly more common in older eyes (42%; 67 
p< 0.001). 68 
Conclusions: 69 
En-face SS-OCT demonstrates (1) that premacular bursa and Cloquet’s canal are not connected in 70 
younger, but in older patients, that (2) prevascular vitreous fissures overly the retinal vessels, and (3) 71 
that cisterns are continuous with PVFs.  72 
 5 
Introduction 73 
Although the vitreous comprises the majority of intraocular volume, our understanding of its normal 74 
anatomy and pathologic changes lags behind that of many chorioretinal structures. Technical limitations 75 
related to imaging a nearly optically clear structure have made study of the vitreous particularly 76 
challenging. Post-mortem histologic studies of the vitreous are limited by high water content, producing 77 
numerous post-fixation artifacts.  78 
 79 
Initial ex vivo studies of the vitreous by Worst identified the premacular bursa in 1977
1
, with further 80 
refinements made by Jongebloed and Worst in 1987
2
 and Kishi and Shimizu in 1990
3
. Kishi renamed this 81 
structure the “posterior precortical vitreous pocket” (PPVP)
3
 to emphasize the presence of cortical 82 
vitreous fibers at its posterior border. Eisner discovered “prevascular fissures” (PVF) when he noted 83 
hyporeflective, presumably liquid vitreous structures when analyzing cadaveric eyes .
4,5
 Cisterns were 84 
noted a few years later by Jongebloed and Worst
2
 as a system of “hollow” spaces.  85 
 86 
The advent of optical coherence tomography (OCT) allowed for unprecedented in vivo visualization of 87 
the formed vitreous and the liquid spaces it contains. OCT confirmed the presence of the premacular 88 
bursa and other vitreous structures previously reported in cadaver eyes.
6
  89 
 90 
In this study, optimized en face SS-OCT was utilized to visualize the vitreous structure in an effort to 91 
resolve lingering controversies and ambiguities from prior studies that either relied on cross-sectional 92 
OCT or en face OCT with lower resolution. Based on prior cross-sectional sampling of the posterior 93 
vitreous with SS-OCT it was hypothesized that hyporeflective spaces overlying the large vessels of the 94 
posterior pole follow an uninterrupted course over these vessels and that as one moves anteriorly in the 95 
eye and further from the retinal surface, these spaces form cisterns in the context of vitreous 96 
 6 
degeneration. The relationship between the premacular bursa and prepapillary gap (defined as the 97 
space originating from the area of Martegiani overlying the optic nerve head; often termed Cloquet’s 98 
canal) was also examined more closely. In order to distinguish liquid spaces apart from the premacular 99 
bursa, prepapillary gap and PVFs, the term “cistern” was used to define empty vitreous spaces in 100 
connection with fissures, and “lacunae” was used to refer to optically empty spaces that are distinctly 101 
separate from PVFs. 102 
 103 
Methods 104 
Our study adhered to the Tenets of the Declaration of Helsinki on the ethical principles of medical 105 
research and complied with the Health Insurance Portability and Accountability Act of 1996. It was 106 
approved by Western Institutional Review Board (IRB) committee, as well as the Ethics committee of the 107 
Canton of Zurich, Switzerland. Written informed consent was obtained from each subject or, in the case 108 
of minors, a parental guardian.  109 
 110 
Healthy subjects with no known anterior segment or vitreoretinal pathology were prospectively enrolled 111 
in this study. Patients were divided into two groups according to age.  The younger group (< 20 years 112 
old) ranged from age 4 to 19 years, whereas the older group (≥20 years old) ranged from 22 to 35-years-113 
old.  114 
 115 
Vitreous imaging was performed on at least one eye of each subject, based upon individual preference 116 
and ease of acquisition. When both eyes were imaged, the eye with the higher quality acquisition was 117 
chosen for analysis. Otherwise, the right eye was typically scanned. 118 
 119 
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All eyes were imaged on the PLEX Elite 9000 (Carl Zeiss Meditec Inc., Dublin, CA) optical coherence 120 
tomography device. The PLEX Elite 9000 uses a swept-source laser with a center wavelength of 1040-121 
1060nm and scan speed of 100 000 A-scans per second. Cube (12mm x 12mm) scans comprised of 1024 122 
B-scans (each comprising 1024 A-scans) and centered at the fovea were obtained for each study eye. 123 
During scan acquisition, visualization of vitreous structures was enhanced by positioning the retina and 124 
choroid posteriorly within the scan window. In 17 eyes, single highly averaged (100 frames) 16 mm 125 
horizontal and vertical B-scans were obtained. In most of the patients older than 20 years, axial length 126 
measurements could be obtained, but this was not possible in the majority of subjects in the younger 127 
age group. 128 
 129 
Image analysis 130 
En face structural slabs of the vitreoretinal interface were created from the 12 x 12-mm cube scans by 131 
selecting the automated ILM segmentation as the posterior boundary and -150 µm as the anterior 132 
boundary.  A dynamic assessment of these images was performed by manually adjusting the slab 133 
thickness (range = 80-150µm) and its distance from the retinal surface, which enabled a 3-dimensional 134 
en face assessment of the vitreoretinal interface (Figure 1, movie).  Brightness and contrast of both the 135 
en face and cross-sectional views were adjusted to optimize visualization of vitreous anatomy. 136 
During the dynamic assessment, the greatest horizontal diameter of the premacular bursa was 137 
measured and the presence or absence of communication between the premacular bursa and 138 
prepapillary gap was noted (Figure 2). When present, the distance from the temporal edge of the optic 139 
disc to the communication was measured. For each eye, the presence or absence of PVF, cisterns and 140 
lacunae were recorded. Prevascular fissures were defined as slender, hyporeflective vitreous cavities 141 
overlying retinal vessels. Cisterns were defined as larger hyporeflective spaces that could be traced 142 
posteriorly to an associated retinal vessel. In contrast, lacunae were defined as hyporeflective vitreous 143 
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spaces with no identifiable association with a specific retinal vessel, and no visible connection to a PVF 144 
or prevascular cisterns.  145 
 146 
Statistical analysis  147 
Quantitative variables were expressed as mean ± standard deviation (SD) and the normality of 148 
distribution was verified through Shapiro-Wilk normality test. Standard error (SE) was used instead of SD 149 
in cases of non-parametric distribution (Shapiro-Wilk, P<0.05). Chi-squared test was used to compare 150 
categorical variables, whereas Spearman’s rank correlation or Kendall’s tau coefficient were calculated 151 
to determine the relationship between variables. P values less than 0.05 were considered statistically 152 
significant, and P <0.001 considered highly statistically significant. All calculations were carried out using 153 
SPSS software (ver.20; SPSS, Inc., Chicago, IL). 154 
 155 
Results  156 
A total of 60 eyes of 60 healthy subjects (age range: 4 – 35 years) were included in the present study and 157 
divided into two age cohorts (<20 years old; ≥ 20 years old). The main characteristics of the two cohorts 158 
are summarized in Table 1. 159 
 160 
Prevascular vitreous fissures 161 
Prevascular vitreous fissures follow a continuous course over the vascular arcades on Z-scan (Figure 1) in 162 
all subjects. 163 
 164 
The presence of cisterns is associated with age and speckling in children and young adolescents 165 
Cisterns are wider spaces than PVFs, but are found in the same location over the vascular arcades. In the 166 
younger cohort, the presence of cisterns was significantly associated with increasing age (r=0.49, 167 
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P=0.002), with an average likelihood of 72%.  In the older cohort, no association with increasing age 168 
could be found (r=0.17, P=0.39), and average likelihood was 80% (Table 2).  169 
The presence of cisterns was also directly and strongly related to the presence of speckling surrounding 170 
the cisterns (r=0.81, P<0.001) in  both cohorts.  171 
 172 
Premacular bursa and prepapillary gap connect with increasing age 173 
The maximal width of the premacular bursa did not differ significantly between age-groups (mean 174 
difference: -276.9µm, CI95%:-901.5, 347.7µm, P=0.38), as reported in Table 1.  The likelihood of a 175 
connection between premacular bursa and prepapillary gap was 1.50 times higher (χ2: 8.38, P=0.01) in 176 
the older cohort relative to the younger subgroup (Table 2). The presence of a connection between the 177 
premacular bursa and the peripapillary gap in the overall population (younger and older cohorts) was 178 
positively correlated with age (r=0.28, P=0.03).  179 
 180 
Fissure planes can be seen with increasing age 181 
During data analysis, it was apparent that a structure different from the typical oblate spheroidal 182 
lacunae in the central vitreous could be seen in addition to, and connected with, PVFs and cisterns. 183 
These “fissure planes” are comparatively thin and wide, undulating in their course and show speckled 184 
hyperreflectivity at their edges (Figure 3).  While younger eyes showed a relatively homogeneous gel 185 
vitreous bordering the premacular bursa, PVFs and cisterns, older eyes demonstrated significantly more 186 
frequent additional spaces. The likelihood of fissures planes was 4.33 times greater in the older cohort 187 
than the younger subgroup (χ2: 14.34, P=0.001, Table 2) and correlated with increasing age (r=0.32, 188 
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P=0.003). In the older cohort, presence of fissure planes increase with the presence of cisterns and 189 
speckling (r=0.42, P=0.02 for both), as either structure would arise from the PVF accordingly.  190 
 191 
The presence of cisterns and speckling is related with gender in young adults  192 
The presence of cisterns was moderately associated with female gender (r=0.46, P=0.02) in young 193 
adults. The cisterns were recognized in 19 of 21 eyes (90.5%) of females included in the older subgroup, 194 
whereas the males exhibited cisterns in only 6 of 10 eyes (60%, P=0.03). Similarly, the presence of 195 
speckling was detected with the same frequencies among females (19 of 21 eyes, 90.5%) and males (6 of 196 
10 eyes, 60%, P=0.03) in the older cohort.  197 
 198 
Discussion 199 
 The data presented herein put to rest the vexing question of how the posterior liquid spaces of the 200 
vitreous relate to one another. Kishi has postulated that the PPVP is a confined, boat-shaped space with 201 
at most, a thin connecting channel to “Cloquet’s canal”.
6,18,19 
In contrast, Worst maintained that these 202 
spaces were separated by the “septum interpapillomaculare,” and that rather than being a confined 203 
space, the “premacular bursa,” as he called it, was connected to far more anterior vitreous spaces.
2,7,12 
In 204 
vivo study has recently become feasible with the advent of OCT, but even then, this work has been 205 
limited by resolution and scan volume.
6,13–22
 Current SS-OCT technology has made it possible not only to 206 
scan both young children and adults in a fraction of the time, but with unprecedented resolution, 207 
volume and sampling density. 208 
Our study demonstrates that Kishi’s view of a confined space appears accurate in some subjects on the 209 
younger end of our cohort, where we found that the premacular bursa and area of Martegiani were not 210 
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connected. However, our wide scans also demonstrated that one key aspect of Worst’s concept of the 211 
“bursa” holds true: the bursa does not have a natural anterior border. Even our youngest subjects 212 
showed an anterior and superior extension of the bursa that reached beyond the scanned volume of 12 213 
x 12 x 3 mm. On the other hand, we observed one young adult with a “dollop”-shaped phenotype where 214 
the bursa points forward toward the center of the vitreous, and the superior and inferior aspect of the 215 
bursa’s border appear to meet. This supports Eisner’s hypothesis that the liquid vitreous spaces 216 
overlying the posterior pole are the result of a non-production of vitreous over the optic nerve (the area 217 
of Martegiani), and relatively decreased production in the central macula due to the process of 218 
foveation and consequent lateral displacement of nascent vitreous. Notably, this also explains the 219 
absence of formed vitreous over the blood vessels, thus giving rise to PVFs. By employing our Z-scan 220 
visualization method, we were able to demonstrate the continuous course of these fissures for the first 221 
time. All of these spaces are expected to open into the more anterior vitreous, making them more 222 
pocket-like.  223 
We have previously hypothesized the presence of PVF and cisterns in vivo based on limited cross-224 
sectional OCT sampling.
23
 We also postulated that the PVFs are precursors to cisterns, since the base of 225 
both structures appeared to overlie superficial retinal blood vessels, and there was a trend towards an 226 
increasing prevalence of cisterns with advancing age, while the prevalence of PVFs declined.
23
 It has 227 
been suggested that the development of PVFs results from a lack of hyalocytes overlying the retinal 228 
blood vessels.
5,23
 Subsequent syneresis may then lead to the expansion of the PVFs, eventually forming 229 
cisternal spaces. Vitreous degeneration may also be responsible for the connection of the premacular 230 
bursa and area of Martegiani, as well as the formation of fissure planes. We have previously reported 231 
the presence of “fissure planes” as undulating liquid spaces with irregular, “speckled” edges anterior to 232 
the premacular bursa  and associated them with increasing vitreous degeneration.
23
 In the present 233 
study, concurrent en face and cross-sectional analysis enabled a three-dimensional characterization of 234 
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these structures. Fissure planes were found significantly more often with greater fissure width across 235 
the entire superior and/or inferior temporal retinal vessel arcades.   236 
 237 
“Speckling” has been observed by ourselves and others on cross-sectional vitreous OCT images and is 238 
thought to correspond to the aggregation of collagen fibrils supporting the primarily water-based 239 
structure.
11,20,23
 Vitreous fibers comprising the posterior hyaloid were noted by Liu and colleagues in 240 
their en face analysis.
24
 It has already been reported that this fibrillar structure contains gaps where 241 
PVFs occur.
25
 We postulate that progressive vitreous syneresis leads to expansion of liquefied spaces, 242 
and that fibrils would be further pushed aside and aggregate to form irregular tangles at the edges of 243 
cisterns or fissure planes. This was inferred from cross-sectional analysis, but can now be clearly seen in 244 
high resolution en face images (Figure 3). We were able to observe that all cisterns were surrounded by 245 
speckling. It will be interesting to assess development of this morphologic pattern in a cohort with a 246 
wider age range as we show a correlation between the presence of PVFs with speckling and cisterns.  247 
There are several important limitations to this study. Current imaging technology is unable to provide 248 
visualization of more central vitreous, and this makes it impossible to follow the liquid spaces more 249 
anteriorly. Furthermore, vitreous degeneration is likely not only a result of aging. However, the subject 250 
numbers obtainable in studies such as these make it difficult to assess what role variables such as axial 251 
length, gender and maybe even ethnicity may play in vitreous anatomy.  252 
 253 
In summary, Z-scans obtained with the latest SS-OCT technology allow us to lift the shroud that has 254 
veiled the “enigmatic” vitreous and to lay to rest some of the controversies surrounding its liquid 255 
spaces. In recognition of Kishi’s and Worst’s contributions we suggest renaming the PPVP or premacular 256 
bursa the “premacular pocket”. We also suggest renaming what many call Cloquet’s canal, as the area of 257 
Martegiani. The empty space overlying the optic nerve is very probably the result of absent vitreous 258 
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production, rather than the contents of the hyaloid vasculature. The basement membrane remnant of 259 
the hyaloid vasculature has probably long disintegrated, possibly manifesting only as the hyperreflective 260 
strands in proximity to the area of Martegiani.  261 
The pathogenetic contribution of the vitreous gel and the liquid structures contained within the 262 
posterior hyaloid membrane is likely underappreciated, but advancements in OCT technology may 263 
herald a new era of discovery, hopefully enhancing our management of vitreoretinal disorders. 264 
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Figure Legends: 325 
Figure 1: 326 
En face scans at 141, 365 and 1250 μm respectively anterior to the retinal surface (A-C) demonstrate a 327 
relatively well-preserved vitreous structure in a 24-year-old female with an axial length of 24.20mm.  328 
The black arrows indicate prevascular vitreous fissures (A) while the white arrows (C) indicate cisterns 329 
more anteriorly. Both the bursa (A, asterisk) and the prepapillary gap/area of Martegiani (A, white 330 
triangle) can be appreciated in en face scans. 331 
En face scan of a 34-year-old with an axial length of 25.96mm (D-F) demonstrates increasing vitreous 332 
syneresis at 86, 365 and 950 μm respectively anterior to the retinal surface. Both fissures (black arrows) 333 
and cisterns (white arrows) are present in increasing number and size. The black triangle indicates a 334 
degenerative fissure plane with surrounding aggregated vitreous fibrils (open arrow). 335 
Figure 2: 336 
16 mm vertical scans from the same subject as in Figure 1 A-C show an anteriorly pointed “dollop” 337 
configuration of the pre-macular bursa (A, asterisk). In contrast, a more flattened, elongated, and 338 
superiorly directed bursa is present in the subject from Figure 1 D-F (B, asterisk). A degenerative fissure 339 
plane is seen (B, black triangle), as well as speckling in proximity (B, open arrow).  340 
Figure 3: 341 
En face scan 789 μm anterior to the retinal surface from the same subject as in Figure D-F demonstrates 342 
speckling (A, white arrows) at the edge of cisterns and the degenerative fissure plane (A, B; black 343 
triangles). The green line (A) represents the cross-sectional slice seen in B. B demonstrates the 344 
vitreoretinal interface segmentation (purple lines) used to create the en face image seen in A with 345 
speckling seen in this scan as well (white arrows). The overexposure of the retina is a result of the 346 
increased brightness required to visualize the vitreous. 347 
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Video 1: 349 
A video scrolling through the 12x12mm en face scans from the 24-year-old female whose images are 350 
reported in greater detail in Figure 1; A-C and Figure 2A. This video clearly illustrates the prevascular 351 
fissures, cisterns, bursa and area of Martegiani and their relationship to one another. 352 
Video 2: 353 
A video scrolling through the 12x12mm en face scans from the 34-year-old female whose images are 354 
reported in Figure 1; D-F and Figure 2B. When compared with Video 1, this video illustrates increased 355 
vitreous syneresis, with larger and more numerous fissures and cisterns. The degenerative fissure plane 356 
and surrounding coiled vitreous fibrils seen clearly in Figure 1F are also well appreciated here. 357 
 358 
 359 
Table 1. Demographics and characteristic of the populations.  
 
 Younger 
(< 20 years old) 
Older 
(≥ 20 years old) 
P 
Total no. of eyes 26 31 - 
Age, mean ± SD 9.6 ± 3.6 28 ± 4 <0.001 
Gender, Female, N (%) 13 (50) 21 (67.7) 0.14 
Premacular bursa maximal width 
(µm) 
6019.2 ± 1161.3 6209 ± 1286.7 0.28 
SD: standard deviation; N: number; %: percentage; P values were calculated with unpaired t-
test for quantitative variables and Chi-squared was used to compare qualitative variables. 
  
Table 2. Morphometric characteristics of vitreous cavity between children/young adolescents 
and young adults. 
 
Younger 
(< 20 years old) 
Older 
(≥ 20 years old) 
P 
Total no. of eyes 26 31  
Presence of, N (%)    
Fissures overlying vessels 25 (96.2) 31 (100) 0.46 
Cisterns overlying vessels 18 (69.2) 25 (80.6) 0.25 
Connection* 17 (65.4) 30 (96.8) 0.002 
Fissures planes 3 (11.5) 13 (41.9) <0.001 
Speckling 22 (84.6) 25 (80.6) 0.49 
SD: standard deviation; N: number; %: percentage; *Connection between premacular bursa 





SS-OCT demonstrates (1) that premacular bursa and Cloquet’s canal are not connected in younger, but 
in older patients, that (2) prevascular vitreous fissures overlie the retinal vessels, and (3) that cisterns 
are continuous with PVFs. 
 
